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Abstract 
The article deals with the possibility of natural fibers and textiles coating, especially of cotton. The coating methods most used in 
industrial sector are: PVD and CVD. Cotton is one of the most important natural cellulosic fibers in terms of processing volume 
and properties. Creating PVD coatings on non-metal fabrics is a new unconventional approach, which is not very investigated. 
It's starting area of new materials creating, and this article deal with it. The coating is based on the releasing of coated material 
from the source target and transfer to the coated object surface and create a thin film. PVD coating can be performed by several 
methods: Arc, Sputtering, Vacuum evaporation, Cathode sputtering, Magnetron sputtering. By coating of textile materials it is 
possible to made new materials with specific properties like fabric electrically and thermally conductive, fabric that filter bacteria 
and viruses, fabric which gives tires the new features in form of embedded sensors. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of MMS 2015.  
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1. Introduction 
This is an opportunity to apply the new PVD coating on natural materials such as cotton, so the use of 
progressive coating techniques to traditional materials. A cotton fabric has been selected by PVD coating that does 
not require high temperature coating, thus eliminating thermal effect on the surface. The surface of the starting 
fabric is not flat or smooth, but rather very porous, it will not be typical adhesion of the coat to the total surface of 
the fabric, but also the penetration of the pure metal (in this case silver) of the fabric, followed by gripping of 
nanoparticles on the surface of fibers. The character of the coating with a static tensile strength test was manifested 
not only in violation of the individual fibers but also in the behavior of the entire volume of cotton samples. 
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2. Cotton 
Cotton is one of the single cell of natural fibers of vegetable origin. It forms fine fibers that grow from the seed 
skin of cotton plants. Successful cultivation of cotton requires certain climatic conditions, especially temperature, 
which during the growing season must not fall below 18 °C. Given the relatively rapid degradation of plants and 
a number of diseases and pests that often attack the cotton, the cotton plants are grown almost exclusively as annual 
plants. Cotton is among the most important natural cellulosic seed fibres in terms of volume and processing 
properties. Cotton fiber is formed from the epidermal cells of the seeds. The geometry of the fibre is formed of scroll 
curled Ribbon. In Table 1 is shown the composition of cotton. The procedure for the formation of cotton fibres is as 
follows: first – primary wall creating, then increasing the diameter of the threads and secondary wall with 
a thickness of approximately 40 nm [1].  
   Table 1. Cotton content [2]. 
Component Value (%) 
Cellulose 95.30 
Carbohydrates 0.18 
Reduced sugar 
Nitrogenous substances 
Waxes 
Pectins 
Water leachable substances 
Organic acids 
Ash 
0.04 
0.17 
0.73 
1.20 
3.07 
0.20 
0.86 
Cotton fibre consists of 3 layers: S 1, S 2, S 3. Tertiary wall completes the inner part of the secondary wall. From 
a morphological point of view cuticle (skin) is covered with wax layer, which contains the pectins and protein 
material. It serves as a water resistant coating, which protects the threads. This layer can be removed from the 
threads by scrubbing. The primary wall is the original thin wall consisting of a network of fine threads (tiny threads 
of cellulose). S 2 layer is composed of concentric layers of wood pulp which represent the main part of the cotton 
fibres. Lumen is a hollow pipe throughout the length of the thread. During the period of growth it contains 
protoplasm, which dries out after maturation. Morphological composition of threads is shown in Fig. 1. In the entire 
structure of the fibres are a variety of large pores or capillary spaces between the fibers in each part of the cotton 
fibres. It is therefore to be seen as a microscopic physical cotton fiber sponge with a complex porous structure [2]. 
 
 
Fig. 1.Morphological structure of cotton fiber. 
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3. Experiment 
The most common observed parameters of PVD includes: coated layer thickness, adhesion to the substrate, 
abrasion resistance or durability of the coated material to mechanical loads. Character of fracture surface constitutes 
a violation of the specific mechanism (Fig. 2a). For the textile material is important morphology and chemical 
composition of the applied coat, which can affect the material properties of the selected substrate. Textile as 
a substrate has its own specifics, which are based on its specific porous structure. The basic building element of 
a textile is fiber. From fine fibers are made yarns and then fabrics. If the textile materials should be used properly, it 
is necessary to know the characteristic material properties based on previous production technology [4]. 
With the rapid development of new advanced technologies, it began to acquire material properties that do not 
occur in natural textile materials. They are for example resistance to failure (abrasion), controlled moisture, 
permeability, capillarity, sorption, waterproofness, resistance to the penetration of dirt, insulating properties, 
performance at low and high temperatures, and the antibacterial properties etc. Development direction of production 
and design of new materials is based on the increasingly demanding requirements of consumers. In the present work 
attention was paid to cotton coating with silver. Samples of fabrics have been coated by PVD technology using 
vacuum deposition on the coating device FLEXICOAT 850 (Fig. 2b). 
a) b)  
Fig. 2. (a) cross section of PVD coat [3]; (b) Experimental coating device [5]. 
4. Structural and mechanical properties 
The coating was applied on clean fabric of a thickness of 500 nm. The density of the warp yarns in the fabric is 
usually larger and more uniform than in weft yarns, which forms a distinctive fine transverse surface appearance. 
Weft yarns are thicker than the warp yarns (Fig. 3a). Irregular denier create a different amount of space between 
binding points (Fig. 3b) partially filled with fine fibers [4].  
a)  b)  
Fig. 3. (a) uncoated cotton fabric – zoom 7× [4]; (b) uncoated cotton fabric – zoom 20× [4]. 
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The coatings are usually applied to a smooth substrate or finished surfaces. Cotton is characterized in that the 
surface is bumpy and uneven. For this reason, the yarns have different coating thickness (Fig. 4a). The fine fibers 
that make up the character of the yarn makes a compact surface with the fact that the structure retains the original 
morphology – fiber remain fiber. The fibers are saturated with silver nanoparticles in different depths (Fig. 4b). 
Study of the structure of metallised cotton fabric under electron microscope showed that the fibers have formed 
a new solid surface (Fig. 5). To verify the changes of mechanical properties was uncoated and coated fabric exposed 
to static tensile strength test from which it can be concluded that the force needed to tear uncoated fabric is smaller 
than the force used to tear the coated fabric [4]. 
a)  b)  
Fig. 4. (a) coated cotton fabric – zoom 7× [4]; (b) coated cotton fabric – zoom 20× [4]. 
 
Fig. 5. Relief of coated cotton fiber [4]. 
Force versus elongation for uncoated cotton fabric is shown in Fig. 6a. The value of load force required to tear the 
uncoated cotton fabric was approximately 42 N. The value of load force required to tear the coated cotton fabric was 
approximately 45 N (Fig. 6b). From the tests it can be concluded that coated fabric will be stronger than uncoated, so 
with this methodology we will deal in subsequent research [4].  
a) b)  
Fig. 6. (a) tensile strength test of uncoated cotton fabric [4]; (b) tensile strength test of coated cotton fabric [4]. 
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Despite the considerable progress in developing new fabrics industrially produced in the future will continue to 
use natural textile materials which will be finished by progressive methods. Attention will be paid not only to 
mechanical, tribological, but also to specific physical properties of the newly created surfaces. The results obtained 
in this work will be used for further system research for the proposition of optimal coatings for textile materials. 
5. Conclusion 
It is shown that the PVD coating can be prepared on natural textiles with such methods and devices, which were 
until now mainly used for treatment of the metal surfaces. Textiles must retain the material stability at elevated 
temperatures. With applying of modern coating methods can be conventional textile materials changed to new 
technical materials which specific characteristics which are unattainable with the conventional textile processes. It is 
possible to create so-called composite fabrics of a wide range of applications. Such materials can be used also in 
transport, for example in modernization of tires. The tire manufacturers predict the future to tires with integrated 
sensors that will provide a lot of information about inflation pressure, tread wear, traction, driving style, etc. to the 
driver. This will increase safety and driving comfort. To transfer information from sensors in the tires as well as their 
power can be used coated fabrics. This would accomplish the function of these textiles as reinforcement 
(reinforcement in the bumper or in the carcass) as both the conductor for the sensors, while maintaining the weight 
of the wheel, without adversely affecting the weight, reliability and durability. Similar application may be applied 
where it is difficult to be resolved capture of data from the sensors. 
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